diatoms Thalassiosira antarctica and Porosira glacialis suggests that these two species have 74 similar sea surface temperature (SST), sea surface salinity (SSS) and sea ice proximity preferences 75 and similar seasonal occurrences (summarised in Sections 1.1 and 1.2). For example, in Ross Sea 76 surface waters that emerge from beneath the ice shelf, T. antarctica cells are associated with a 77 diatom assemblage that also includes P. glacialis and P. pseudodenticulata (Cunningham and 78 Leventer, 1998) . Along the Mac.Robertson Shelf in Iceberg Alley (Figure 1 ) deglacial seasonally 79 laminated sediments contain abundant P. glacialis resting spores (RS) that are found within T. 80 antarctica RS-dominated sub-laminae that were deposited during autumn (Stickley et al., 2005) . 81
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ACCEPTED MANUSCRIPT 5 found in late Holocene (cool, Neoglacial) sediments (Core MD03-2597, Maddison, 2006) . Further, 85 deglacial/early Holocene laminated sediment from Mertz Ninnis Trough, George V Coast ( Figure  86 1), also contain sub-laminae dominated by P. glacialis RS (Maddison et al., 2006) . The T. 87 antarctica RS and P. glacialis RS sub-laminae from both sites, and from both time intervals, occur 88 at the top of late summer/autumn terrigenous-rich diatom laminae, which supports the contention 89 that these two diatoms have broadly similar ecological preferences (Stickley et al., 2005) . 90
However, as pointed out by Denis et al. (2006) , the more coastal position of the Mertz Ninnis 91
Trough and MD03-2597 core sites (and associated P. glacialis RS sub-laminae) compared to the 92 core site MD03-2601 (and associated T. antarctica RS sub-laminae) suggests that P. glacialis 93 prefers cooler temperatures with higher sea ice concentrations than T. antarctica. In this study we 94 review the available ecological information for these two diatom species. We then consolidate the 95 perceived relationship between the two taxa as sedimentary indicators of autumnal conditions using 96 laminated sediment sequences and published ecological information. Finally, we investigate down-97 core Holocene diatom assemblage records from two sites in coastal East Antarctica in order to 98 establish whether the relationship developed from laminated sediment records and ecological 99 information can be used as a more quantitative proxy for changing environmental conditions during 100 the Late Quaternary. shelf (Cunningham and Leventer, 1998) and both frazil ice and platelet ice in the Weddell Sea 111 (Smetacek et al., 1992; Gleitz et al., 1998) . In the Weddell Sea, it has also been recorded under 112 turbulent conditions (Gleitz et al., 1998) and from low salinity, nitrate-deplete, high pH crackpools 113 associated with summer melting ice (Gleitz et al., 1996) . Although it is rare to find T. antarctica in 114 sea ice samples due to its requirement for open water to bloom (Bárcena et al., 1998) and its 115 sensitivity to low light intensities (Doucette and Fryxell, 1985; Fryxell et al., 1987) , it has been 116 observed in some spring sea ice samples which suggests over-wintering in sea ice or re-suspension 117 from the sediments (Villareal and Fryxell, 1983) . 118
119 Thalassiosira antarctica appears to be a summer and autumn bloom species. It has been observed 120 as a common component of the early summer phytoplankton around the Antarctic Peninsula 121 (Sommer, 1991) and was recorded in summer sediment traps in the Ross Sea (Leventer pers. comm. 122 in Taylor and McMinn, 2002) . It has been described as a major component of phytoplankton 123 blooms in non-stratified or weakly stratified Antarctic surface waters (Cremer et al., 2003 ) (strong 124 water column stratification is usually associated with spring sea ice melt). T. antarctica has also 125 been associated with autumn bloom conditions in the Ross Sea with production of resting spores 126 related to the seasonally-late development of solid ice cover (Cunningham and Leventer, 1998) . 127
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7 carried out at -1.5ºC failed to induce resting spore formation by nitrogen depletion (Villareal and 137 Fryxell, 1983 ). Significant lipid accumulation occurs in the resting spores as they form (Doucette 138 and Fryxell, 1985) and this lipid synthesis has been attributed to a synergistic interaction between 139 reduced light levels, reduced SST and increased SSS in other Antarctic sea-ice related 140 phytoplankton species (Smith and Morris, 1980; Palmisano and Sullivan, 1982) . In conclusion, the 141 exact trigger for resting spore formation in T. antarctica is not well understood. 142 143 Observations of T. antarctica from the sediment record are almost exclusively the resting spore 144 stage (Fryxell et al., 1981) (Figure 2 ). T. antarctica resting spores are heavily silicified and this has 145 been suggested as a mechanism to facilitate rapid sinking out of freezing surface waters (Doucette 146 and Fryxell, 1985) . The heavily silicified resting spores are more readily transported, hence, often 147 become concentrated in Antarctic near-coastal sediments (Gersonde and Wefer, 1987; Hemer and 148 Harris, 2003 Taylor and Leventer, 2003) . In the Bransfield Strait, western Antarctic Peninsula, maximum 155 abundance of T. antarctica resting spores in Holocene sediments is related to cold climate episodes 156 (Bárcena et al., 1998) , persistent influence of cold Weddell Sea water (Gersonde and Wefer, 1987;  A C C E P T E D M A N U S C R I P T
Ecology of Porosira glacialis (Grunow) Jörgensen 1905 164 165
Generally, less is known about the ecological preferences of Porosira glacialis than for T. 166 antarctica. Porosira glacialis is a bipolar diatom species associated with cold coastal waters 167 adjacent to sea ice (Hasle, 1973; Taylor et al., 1997; Zielinski and Gersonde, 1997) . Of the two 168 species of Antarctic Porosira, P. pseudodenticulata is commonly observed living in pack ice and 169 fast ice samples whereas P. glacialis is rarely recorded living in sea ice (Watanabe, 1988; Scott et 170 al., 1994; Armand, 1997) . It has been suggested that P. glacialis predominantly grows in the open 171 ocean beyond the sea ice edge (Zielinski and Gersonde, 1997), however, P. glacialis has been 172 observed in waters with high concentrations of slush and wave-exposed shore ice although, again, 173 not living within the ice (Krebs et al., 1987) . Similar to T. antarctica, in culture experiments, P. 174 pseudodenticulata survived prolonged periods of darkness (up to 272 days) by forming 175 physiologically resting cells, not by forming resting spores (Peters and Thomas, 1996a) . Resting 176 spore formation was not induced at -1.5ºC (Villareal and Fryxell, 1983) , and the exact mechanism 177 that promotes resting spore formation is not known. 178 179 P. glacialis is recorded in sediments predominantly as resting spores (Figure 2) and located 180 shoreward of the maximum winter sea ice extent (Armand, 1997) . From the sediment record, P. 181 glacialis appears to grow in summer waters with SSTs ranging from -2 to 1.5ºC (slightly cooler 182 maximum temperature than T. antarctica) (Zielinski and Gersonde, 1997) , and reaches maximum 183 abundances with February SSTs of 0 to 0.5ºC (Armand et al., 2005) . From a spatially extensive 184 sediment surface data set, P. glacialis is most abundant beneath regions that experience at least 7.5 185 months per year sea ice cover (slightly longer than T. antarctica), with <30% summer sea ice coastline with a typical regime of advance and retreat of seasonal sea ice, with the episodic presence 216 of a polynya (Arrigo and Van Dijken, 2003) . Today, the sites are covered by sea ice for 8-9 months 217
of the year (Schweitzer, 1995) . During the deposition of the deglacial laminated sediments in 218 Iceberg Alley the long, across-shelf trough that comprises the basin was surrounded by a calving 219 bay re-entrant (Leventer et al., 2006) . This meant that even though the site is approximately 70 km 220 offshore today, it would have been subject to a seasonal sea ice retreat and advance regime typical 221 of more coastal sites. Svenner Channel is a coast-parallel trough on the eastern margin of Prydz 222
Bay. The core site is approximately 60 km from the coast and is subject to a typical seasonal sea 223 ice advance and retreat regime that results in a yearly sea ice presence of 10 months. 224 Table 2) . For core sites NBP0101 JPC10/KC10A and MD03-235 2597 additional quantitative diatom assemblage analyses were carried on specific lamination types 236 following the method outlined in Maddison et al. (2006) . These additional analyses facilitated 237 quantitative comparison of the relative abundance of T. antarctica RS and P. glacialis RS in the 238 laminations, as opposed to the more qualitative techniques involved in thin section analysis using and Hyalochaete Chaetoceros resting spore-free (CRS-free) relative abundance (Table 3) . CRS-241 free abundance is commonly used in Antarctic diatom assemblage analysis when CRS 242 overwhelmingly dominate every assemblage (Leventer et al., 1996; Allen et al., 2005) . The CRS-243 free abundance allows the ecological information within the minor species assemblage to be 244 critically examined. 245 (Table 2 ) and, 305 consequently, directly below the following spring diatom ooze lamina from which they are 306 separated by a sharp contact delineating the winter hiatus. Further, when a summer lamination is 307 not present, 25 of 68 occurrences of T. antarctica RS sub-laminae follow a transitional lamination 308 (Table 2) , defined as having some characteristics of both spring diatom ooze laminae and summer 309 terrigenous-rich laminae (Stickley et al., 2005) . These transitional laminae nearly always grade 310 upwards from a spring diatom ooze lamina and usually grade into a summer terrigenous-rich 311 lamina, however, sometimes these transitional laminae are abruptly overlain by the following spring 312 diatom ooze laminae. Usually, it is at the top of these latter transitional laminae that T. antarctica 313 RS sub-laminae occur. When T. antarctica RS sub-laminae occur within the annual sediment 314 increment, the mean annual sediment thickness is 2% greater than if sub-laminae do not occur. 315 Trough sediment appear in a late summer/autumn position in the seasonal lamina succession (Table  332 2). Quantitative diatom abundance analysis of Mertz-Ninnis Trough laminations reveals that 333 although, in absolute terms, P. glacialis RS have a similar abundance in summer mixed diatom 334 laminae as they do in P. glacialis RS sub-laminae ( 
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In Neoglacial laminated sediments from the more coastal Dumont d'Urville Trough core (MD03-345 2597), in 23 out of 26 years when P. glacialis RS sub-laminae occur, the sub-laminae appear in a 346 late summer/autumn position (Table 2 , Maddison, 2006) , separated with a sharp contact from the 347 overlying spring lamination. Quantitative diatom abundance analysis reveals that, in absolute 348 terms, P. glacialis RS are more than 2.5 times as abundant in P. glacialis RS sub-laminae than they 349 are in terrigenous-rich, summer mixed assemblage laminae. Further, T. antarctica RS are more 350 than 2.5 times as abundant in P. glacialis RS sub-laminae than in terrigenous-rich, summer mixed 351 assemblage laminae (Table 3 , Maddison, 2006) . When P. glacialis RS sub-laminae occur within 352 the annual sediment increment, the mean annual sediment thickness is 12% greater than if sub-353 laminae do not occur (Table 2) Hypsithermal, T. antarctica RS sub-laminae were preserved (core MD03-2597 did not recover 459
Hypsithermal-age sediments). In the Neoglacial, no sub-laminae of either species were preserved at 460 site MD03-2601, although higher relative abundances of P. glacialis RS are observed ( Figure 3C ), 461 whereas P. glacialis RS sub-laminae were preserved at MD03-2597 (Table 2 ). In the modern day, 462 site MD03-2597 is covered by less than 65% sea ice concentration for, on average, 111 days of the 463
year, whereas site MD03-2601 is subject to less than 65% sea ice concentration for only 94 days of 464 the year (difference between means is significant at >95%; mean values extracted from satellite-465 RS is negatively correlated with modelled summer surface temperatures (Figure 3) . 503
504
The modelled sea ice concentration and surface temperature records for the Adélie Land sector 505 suggest that the cool Neoglacial period had higher winter and early spring sea ice concentrations 506 than the mid Holocene Hypsithermal (Table 4, Figure 4) , with significantly lower late spring and 507 early summer temperatures. In autumn, the Neoglacial had lower sea ice concentrations than the 508 Hypsithermal with slightly higher temperatures. This model output supports the interpretation from 509 ecological and seasonal sedimentological data that P. glacialis prefers slightly cooler and 'icier' 510 winter and spring conditions than T. antarctica, which is why its abundance was enhanced during 511 However, it is possible to use the ecological information in an attempt to be more quantitative than 529 this. Using the ecological preferences of P. glacialis and T. antarctica and it's distribution in 530 modern core top samples (Armand et al., 2005) , an increase in the sediment ratio above 0.1 (i.e. 531 enhanced P. glacialis RS and/or relatively reduced T. antarctica RS abundance) appears to indicate 532 a change from ~7.5 months of annual sea ice cover (favouring T. antarctica production), to much 533 greater than 7.5 months of annual sea ice cover (enhancing P. glacialis production), and an increase 534 from ~70% winter sea ice concentration (favouring subsequent T. antarctica production) to highly 535 compacted winter sea ice above 80% concentration (enhancing P. glacialis production). Although 536 these may not seem like large changes, they appear to be key manifestations of the changes between 537 warmer and cooler Holocene climate states as reflected in the diatom fossil record, and are in line 538 with the changes suggested by previous diatom evidence for the Hypsithermal-Neoglacial transition 539 (Crosta et al., 2008) . indicate a change from ~7.5 months of annual sea ice cover to much greater than 7.5 months of 577 cover, and an increase of winter sea ice concentrations from 70% to >80%. An attempt to apply the 578 P. glacialis RS:T. antarctica RS ratio to other core sites from West Antarctica, in particular the NW 579
Weddell Sea, shows that the relationship between these two diatom species may be able to reveal 580 information about past winter and spring sea ice concentrations around the Antarctic margin. A C C E P T E D M A N U S C R I P T A C C E P T E D M A N U S C R I P T A C C E P T E D M A N U S C R I P T 
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